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(57) Abstract: 

PROBLEM TO BE SOLVED: To produce a ruthenium 
compound which is a liquid at ambient temperature for 
prepating an Ru or an Ru0 2 film as a . thin film for 

electrodes of a semiconductor device according to a 
chemical vapor deposition(CVD) method and to provide a 
method for producing the ruthenium compound. 

SOLUTION: This bis (ethylcyclopentadienyl) ruthenium or 
bis (isopropylcyclopentadienyl) ruthenium is a liquid at 
ambient temperature and has a sufficient vapor pressure 
at about 100°C. Thereby, the compound as a CVD raw 



material can quantitatively be fed by gas bubbling or a 
liquid mass flow controller and thermally decomposed on 
a substrate at 600°C in a hydrogen atmosphere to form a 
pure Ru thin film. The compound can be produced in 
high yield by reacting ruthenium trichloride hydrate with 
ethylcyclopentadiene or isopropylcyclopentadiene and 
zinc powder in an alcohol solvent at a temperature within 
the range of -30 to 0°C. 
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(57) [SK] 

mm] ¥9fM»Ot<if *Ri Lt, Ru, Ru 

,V) )V7--t;M-$.. &M~t?Wift-V3bV „ 1 0 O'Cttjfi-? 
^'fc^JI^^rLTV^SO^ CVDJSWi: LT, # 

-/Mgj&f tSSMbk - 3 o ~ 0 , Cwt5H-eS/S^*T 
iHj|jrts-c«jfi-e**:. 



1 J Hifrft/w-r ~ 9 A^fcf P« £ ^fls*/? p 

(ac^/W^P^^^v^^.^/W) 
[flt&S3 ] ffi»»fr^MMW6PU. KJ&MSSr- 3 0 

p pmKTOi«j|8E«-e«>*lf*3gl<Dtf^ (T/^/W 

9^&>bfffi(c*5V^ iPj»bfc*««:tr;* (^/Pv-^ 
PtVwi/^p^v^^^/v-) /l/T^^^tgM^ 20 

[0 0 0 1 J 

[0 0 0 2] 30 
iE¥. ULS I<Di«WWfcfc#V\ 
/^-iLtilWO (Ba, Sr) TiOsSIS 
^Wa^-efcSo rcomfii^LT. Ru*J:t;/*fcH: 
RuO,»M*#<«toixrv^6 0 SRu»»i: 

u O 2 »I« t b r tt R u <£>SlS14* a? y 9 V 

£ti/rv^ 0 CVDffiKfflv^S^JSttORu^b^tti: b 
Ttt. hyx (^tV^p^/l-y h) /P-t^t^ar 40 

u (dpm) s^^^P^^^^Ru (C 6 
H 6 ) 2 flSjlfeWSjh/rv^ 0 ¥j*6^**5 

^m^^mmm^m^mmp 347, 1 9 P -m- 

9 (WW "Ctt, CVDfe^JgC}ft£ LtRu (dp 
m) aSrffiv\ 6 0 OtOS i S«J:^R u SrfigRU 
^^«*^iALTRu±(CR uO,*/«Lfe:i 
asHi*£;h,TV^ 0 bd>U Ru (dpm) s «»^l 
6 8^1^8^!^$)!), 0. lTorrO^ 
«C£EI41 3 6 *Cf*iS"C*> 5 , ±S«t*&i**o * 
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: [000 3] D. E. Trent, B. Paris a 
nd H. H. Krause, Inorg. Chem. 
Vol. 3, 1057 (196 4) fctt, 9 4 < C{^o 
feRu (C 6 Hs) a*»6><0#IMII««r***f^teia# 
S*. 5 9 5Wr^^^7^SlSlc9 9. 9 9 
%<DM^co/^x = # A^M^ffi^^Sr C V D ifc-C®/* b 

W. -C. Shin and S. -G. Yoon, 9 
th International Symposiu 

m on Integrated Ferroelec 
tries (Santa Fe, NM. March, 1 
9 9 7) 1 04 pm Ru (C 5 H 6 ) ,Sr!S** t b 
SSOtga^l^CVDSrff 

V\ Si0 2 /Si, MgOS«±|C2 0 0nm£DRu 

[0 0 0 4] USP 5130172 "CBu lOOt 
KTO*PjR^feHfcL n MR m ^*S^S*«^JB'fr: 
^><D^£% 1 9 O^^T^AD^^Kfc^ U DcV* 
■ClOOteiT-CTK^^KSfeU 

7U/K ^f;W7y/K *f9*s=.~}V^ 
^P^V^-x^^/K y^/V-i/^P^O' 
P^^rlhi/Ji^/K ^ar^v^—zK 

^^■/K a^/K r/PfcT/K ^^/^Sr*b^ ntt0j&>k 

»^ (m+n) 3SSAJR<D«KfcjfcS 0 

SRuffrS^btt* p^^v^n/w (p*^vW^p 
^^^i/ni-/w) /v^-r^A (C 6 H 6 ) Ru (C 5 H 
4 CH 3 ) , /Vy t /ir^/l-T*fe p ^W'V (C 5 H 6 ) Ru 
(C e H 4 CCH) . oi^^/w^yir^ (C 5 H 5 ) 
Ru (C 6 H 4 CHCH 2 ) , If* (^/I'v'^P-O 
^v^x^/V) A^~t>ARu (C 5 H 4 CH 3 ) 2 > ^ 
^/WUy"/±^ (C 6 H 5 ) Ru (C 6 H 4 CH 2 CH 

3 ) -efc£o 

[0 0 0 5] ^ti*-Q\cmf t>iMtm*<Olt&b<OllkJ& 
^Dictionary of Organometa 
llic Compounds, Vol. 3 (2nd 
Ed. 1996, Chapman & Hall) d^fe 

[0 0 0 6] 
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t ^C^yP^ I— WIkT— "A Xx U Vx^5xx5y 2 


199-200 


^(>Tjl'y7P A J/?y X-JVjJyT-- VA tx u V v 5 n 4 o n 3 ; ^ 


61-63 


v hMA o M--nY-i^nj^/inA 0 v /£*y* T~nAfl/T*~ftA f Hs) R u. 


(CsH^CHs) 41-42 


ir;t~&7tfl/V (CbHs) Ru (C5H4CCH) 


73-74 


xfzmnv (C5H5) Ru (C&H4CHCH 8 ) 


53. 5-54. 5 


xftitoTJby (CbHb) Ru (CsH<CH 2 CH 3 ) 


12-12.5 
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[0 0 0 7] CVD&IC^T. HWfc-e*Sr#*THfc 

«^*»e>nTv^5o *<Bfb^»a s *£b« 

[0 0 0 8] b^b&^£>. :n^/WW7V-fe^te*jgtt 

Mark and M. D. Raush, Inorg. 
Chem. Vol. 3, 1 0 6 7 (1 9 6 4) t£<fctt 

—A) /^^Ru (C 5 H 6 ) (C5H4COCH 
3 ) Srv^^vl^— ?vl^T% LiAl H 4 + A 1 C 1 

[0 0 0 9] 

^fi»ittCVDffi"t?Ru, RuO.PMJtt»rii-r* 

b«Wfc-frW£*MEU JtttSrfflv^CVDSrfrvv R 
u, RuOa»KSro< 5*afe*«lt-r5-i:t?*)« 0 

[0 0 10] 

HMiSr«P*-f Sfc«>(0#«l *»H#H:. 
JWb^O'fr/fcfe ± tftttftMV^fc C V D bT # 

;wr-?^Ru (C 2 H 6 C 6 H 4 ) a *5j:l** 50 



42rfen©tr;* W y/n t'/Wi/^ n^y^ i^x^) ;v"r 
^WRu (iC 3 H 7 C 6 Hj aSr-frj&U 
U 3ME«EEfrW«bfci:r^ #*bv*4MSre*> 

9. £^£^k£/Bl^CVD-CRtu Ru0 2 l^ 
ofc^r^>, 5fc*bTAff*K^#fe*t6ri:8rAv^« 
b#»W£^£i-Ste:^ofc 0 -t-&*?t>*»|ltt, R 
u N Ru0 2 MCVDft^o< ^fc^lt2 5t-C 

/!✓) ;l,f^nRu (CaH.C B H 4 ) aJsitJ^;* 

(iC 3 H 7 C 6 H 4 ) 2 &jlA^£bfc:: fcl£i:5o 

[0 0 11] tr* (m^/W^ n^V^ i^t^/v-) /i^ 

^J*j5fett % G. B. ShuT pin, Zh. Obsh 
ch. Khim. Vol. 51. 2152 (1981) 

Ru (C 6 H 4 COCH 3 ) 2 £rNa BH 4 -H 2 SO 

^m%-rz>jfm-?thz>o m<D— g. j. Gau 

thier, Chem. Co mm un. 690 (196 
(CaHsCsHj 2iRuCl s iOJ#VK3!5* 

u (C5H4COCH3) 2^>tf^ 

8Fe (C 2 H 6 C 6 H 4 ) a «:. 

ttKofflfc«Wb-S*^»Ab»*bfc< <, W»fi«c07W 

n tT/Vix^ s?rc^/v) /l/f^^ARu ( i C 3 

H 7 C 5 H 4 ) »jS*K*eW**V^* 

[0 0 12] 

^i>rc^/W) /^^T>AR U (C 2 H S C 6 H 4 ) 2 *5 
!)ARu (iC a H 7 C 5 H 4 ) 2 "C$>^o 




(4) 



/U) /U^r—V^Ru (C 2 H 6 C 6 H 4 ) 2 &£Wx 

(ic 3 H 7 CfiH 4 ) 2 ©K3fi*ft-e*>So *<z>iss! 

P. Per t i c i, G. V i t u 1 1 i , and 
L. Porri, J. C. S. Chem. Co mm. 
8 4 6 (1 9 7 5) <D\f* {is? n^V^ i/m-/v) ;V 
7^!>ARu (C 6 H 6 ) 2^ffi-Cfc5o -ttttt* 

(C 6 H 5 ) a* s #feixfcr. i:SrBB*L-CV^ 0 

Pertici 5>«>^8fe^*5V^T. i/ ? n s<> # 

/Vr^^Ru (C 2 H 5 C 6 H 4 ) 2 ^fc 

^Ru (iC 3 H 7 C 5 H 4 ) s tt^<#fotbft^o 

[0 0 1 3 J ^r-CS/SiR^^l^a^OHT-Sr^ 

Kt?*>5iikSrfl,v^bfco roB^£»1-£r tic 
J;9, 70 % W_hoiR^-C g £> tT,fc 0 T 

[0 0 14] 

Hfcl] RuC 1 3 3H 2 0+2C 2 H 5 C 5 H 5 +3 30 
/2Zn^Ru (C 2 H 6 C 5 H 4 ) 2 +3/2ZnC 
1 2 + H 2 + 3H 2 0 

[0015] asflfiii -3 o — o , cas#*uv\ ) o 

L<fcV\, -3 0t«T"C^R^l<*^ £fcfiS 

Hfc«fctuSJ:5*WIH-T?^T5-k^Kif*>5. Rtf 40 
#mt3 0^6>2WFBiafl[T?*>*o *«fcl0 , C#iE 
-ei 0-3 0^fia*L»«bfia6*^il»S*5. 

H/Kfp^JOftfe, — HtK?P^ 
[0 0 17] xf/^u/O^^xyjsitf/fy^p 50 
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It 2 f&£Ub$s J; V\ *ai<OT/^3— /Vi: Lttt, 

# * *■?*> 19 , d^o4j« u&il[{tM«^*»»«|-e# £ 

**0*bVN o *»W#o»«|:«ll!l3fe"eH:, 2 3TC 
10 0ml J—/\'\Z-2 8 g<D^ti/V^n^A7kfp^ 

ffc**l»ft (*StajK, HB*i4 6¥) tcfcft 
tf. 12. St-C, 1 0 0m 1 x^y-/i/|c8 0 gi&fb 

[0 0 18] Mtt&tt* *&— fcMWT*** KtfL»VV|ft 
S<otot?*)tbtfJ;v\ lOO^v^ (IScoapgti 

4 7 Mm) T>y— S«JK 2 0 0^s;Va (^COgH 

[ooi9] si£^E*tt^a"e*#«t?*>9, mfi<£> 

^n^i^i^r^) /l^f^^Ru (C 2 H 6 C 5 

h 4 ) a *5J:vtr^ w y n^y^^xn 

/V) /l^c^ARu (iC 3 H 7 C 5 H 4 ) 2 tt. 

2 5*c-c»ssfe(D«fr-e*>*o ^s-e«>ttfftti ooc 

[0 0 2 0] 

[0021] *»88», m^un<omnt tt«v^s 

ARu (C 2 H 6 C 6 H 4 ) a *fctttr^ (^y^ntf 
/^^a^^^x^l/i/f^^Ru (iC 3 H 7 

c 5 h 4 ) .*-&j«i-s*«fe-et>«>5o iS»»*BSff 

WlppmHTWt^o <OH»^JH© 



[0 0 2 2] »*«5{c|B*<0J:5^ 
(:n?vl/$^ n^^i^m-yv) AR u (C 2 

H 6 CsH 4 ) 2 4fcttlf^ Wy/ntV^n^y 
^^/VRu (iC 3 H 7 CfiHj 2 £^-T\ C 

£8 0-1 5 OtJSS :«CgET-C^rt y 

fteafeO. 5 0 0- 6 0 Ot(Dlffi±"CM$itS 

J5SRu»Blte, #tLV^**»ffiT?, 0i*<D4>ftV* 
^oAJR^«fto^ftv^i93l^^«IR"e*>5o RuO 

[ 0 0 2 4 J 20 

mum 1 1 

(C 2 H 5 C 5 H 4 ) 2^©ig 

jffl^«mfe500ml5P^?^3«aWL 

T/^=?>-#H^^ U 0 0ml Srtfcii*. 

ZkV^ tfi<b/V7 L ^.^iHH*«l«2 5. Og (9 5. 6 
mmol) ^jtj^^mM^t^o ~<ORj&7v 
SOt^U xf;U^o^^^xy4 0g (4 
2 5 mmol) Srfti&^fcfo 2 0 0^r^T^-© 30 
5^>f >«>#fifl[Sr^r^SM»»9. 55g (14 6mm 
ol) 79^="R*«*»»»«Ib** 

2 5 10 'COjEHt-tSo fc D *& 5 — 1 0 5>raPi"C> 

* = fcH:0. l gS*©*SK<Dil6»<Z)**3»oTV^ 

/VV^a^^^^^Sre*bfc 0 «ofcJKi*>j: 5 ft* 
7 y V 5 0 0 m 1 SrAPx., a*N&W«f^Sr 

#*J0. 1 T o r r T 1 0 0WE©«»*# 

fee r. «Jt6«# 19. 7gtRu SMJftttt 

3 4. lwt% Wf 3 5. 2wt%) -efcot r. 

u (C 2 H 6 C 5 H 4 ) 2 -Cfc»9, 6 8 mm o 1 ISJfc^ 50 
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7 1%l:ffiSLfco 4g/cm\ JK^ttet: 

y^n— ^T?JR«BE«ra3ebfci:r*. 0. 3Tor 
r/lOOtT'fcofCo EH 

Fe<l, Zn<l, AK1, Si<l, Na<l, 
Ca 1, Mo<3, Pd<3 
[0 0 2 5] 

(4 y;/n \f/\s*s? i^^^/u) ;Vr~tyJ* 

Ru ( i C 3 H 7 C 6 H 4 ) 2 <omt 

~C> ^y7 p of;l'^n'<y^yxy4 5 g (4 16m 
mo l) ttfeEWHi, HlKffill fcl3CJ:5^Sl£b. 
ElJRbfco »0. lTorr^If^ 110t# 

Rud«fftt»3 1. Ow t % (S»ffi3 2. 0wt%) 
"?*>ofc 0 mi3:fcf* Wy7 P PtWv'^n^^v ? x 
:=vv) ;kf^!?ARu (iC 3 H 7 C 6 Hj 2 "C*> 
9, 7 1 mm o 1 ftlR* 7 4 bfc c «« 1 . 2 

6g/cm 3 , JHjSB 2 1 t-C* 9 , ft 9 

Jtbfcfcr.*. 0. 2To r r /l 0 O^-CfcofCo 
[0 0 2 6] 

if* (m^/uv^ n/<v^^^^/v) /l^^A£>3Rig 

£2 0-3 O^-CtTV^, SMS^2 0-3 0Wo 
fctttt, 4:ra#fcR*$-ti\ EMRSfcftsSrfro 

!)ARu (C 2 H 6 C 5 H 4 ) a fcfc£<#e>*ti\ 
-fr ^fc*»ft«£*#»J£ bfc fc fe*bfco 

[0 0 2 7] 
[**«3] 

if* (xf^*>^ a^<^^ -j^^;v) /u"r ^^ARu 
(C 2 H 5 C 5 H 4 ) 8 &fflv^feCVDSl:J:5jBRu 

>^l:£E^JBS6#T?l 0 T o r r <0«ffifcfiio*: o If* 
(jL^/Vv-^n^O-^v^^^/W) /Vf-^^R u (C 2 
H 6 C 6 H 4 ) 2 1 5 gSr**bfclB»»BSrl 0 0t 
<Z>ffii&»tcA*U y ^r— ^f^TK^^r 1 0 s c c m"C 

^:/y:x>/u ^^^{:t^ (xf;vi/^p^y^i; 

/w-^- i> AR u (C2H5C5HJ 
•4. 6 0 0 ti^PB ft Jxfc^»tEdS-fe y h S ivc*5 
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0 nm©J**»C»4RSH/tio XRD<fc0. 4lRuffc 
-C#*r bfcds, R u K^oAJR^#B4fctt«IHi S^ft 

[0 0 2 81 
[H«W4] 

If* W y t°;^>^ n/<y^^x^;w) /t^-#A 
Ru (iC 3 H 7 C 5 Hj 2 SrJflV\fcCVD8;mJ:5 
RuO a *K<D»ifi 

||}£#j3f;i:|3V^T, tf* a ^>-^ 
/V) /V^~^ARu (C2H5C5HJ 2 Srtf* (>f 
y tWi/^ n/<y^ i/x^/i/) /Vf-^Ru (i 
C 3 H 7 C 5 H 4 ) 2 {Cftx.x ^il&Mfc^^yv — n 



10 



10 



CVD«rfTofc 0 2 0»t?7 0nm©RuO,»KiS# 
[0 0 2 9] 

/Pt^^^Ru (C 2 H 5 C 5 H 4 ) 2 
*fcl*lf* M y t°;^>^ p/<y^i/x^;w) 
^^Ru (iC 3 H 7 C 5 Hj ali, ^fflT?*^"e 

*>IK 1 0 o < t:#7a-e^^^i^^*'b'rv^5(o-c. 
cvDjgjpfi: tr, #*✓*:/ y ^jfev^«ft^*:7P 

£9. MttfctfttfeCVDjS-CttRuli«t?Sj*"C# 
[*2] 



Ru (CeH 6 CbH4) 2 6 
Ru C i C 3 H?C 5 H4) 2 2 1 



3£^E (Tor r/'C) 
0. 3/10 0 
0. 2X10 0 



